
16.06 Principles of Automatic Control
 
Recitation 13
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R 1 ` KG R 
ess “ lim eptq “ lim sEpsq, in continuous time. 

tÑ8 sÑ0 

ess “ lim erks “ limpz ´ 1qEpzq
kÑ8 zÑ1

For a step input, r “ σptq. 

C D 

ess “ 1 
1`Kp0q Gp0q ess “ 1 

1`Kdp1qGdp1q

Kp Kp “ Kp0qGp0q “ Kdp1qGdp1q 

Given a type I system: 

L0pzq
Lpzq “Gdpzq Kdpzq “ 

z ´ 1 

Find Kv : 

Epzq 1
“ 

Rpzq	 1 ` KdpzqGdpzq

Epzq 1 Tz
Epzq “ ¨ Rpzq “ ¨ 

Rpzq 1 ` L0pzq pz ´ 1q2 
z´1 

1
 



where Tz is unit ramp from the table. 

Therefore, 

1 Tz 
ess “ limpz ´ 1q ¨ 

zÑ1 1 ` L0pzq pz ´ 1q2 
z´1 

Tz
“ lim 

zÑ1 z ´ 1 ` Lopzq

T
“ 
L0p1q

1
“ 
Kv 

Lop1q
“ , in discrete time. ñ Kv T 

Using the w-transform: 

´ ¯ ´ ¯ ´ ¯ 
1` wT 1` wT 

2 2 1 ´ wT 
L0pzq L0 1´ wT L0 1´ wT 2 

Take “ 2 “ 2 

1` wT z ´ 1 wT 2 ´ 1 
1´ wT 

2 

˜ ¸ 
´ ¯ 

1` wT 
2 1 ´ wT 

1´ wT L0 2 
2 

6 Kv “ lim ¨ w 
wÑ0 wT 
L0p1q

“
T 

The w-transform preserves Kp and Kv. 
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